The emerging discipline of connectomics has fueled interest in the development of methods for high throughput 3D electron microscopy methods for large volumes of brain. These methods require tissue processing methods that produce sharply delineated membranes with sufficient contrast to identify them in consecutive serial sections and allow manual and automated segmentation of the data. In order to facilitate this reconstruction and aid the identification of different cell types, we are using the genetically encoded EM markers APEX and APEX2 [1,2], to trace individual neurons, in combination with deep penetration en bloc staining to allow reconstruction of entire circuits. These aims are directed at reaching our final goal of combining multiphoton in vivo imaging of Ca 2+ activity from the cortex of an awake mouse, followed by large-scale serial sectioning transmission electron microscopy (ssTEM) reconstruction of 1 mm 3 from the same imaged area.
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To achieve this goal, we will begin with a sparse reconstruction of APEX2 [1] labeled neurons. We have expressed this engineered peroxidase label in vivo in a Cre-dependent manner to allow correlated LM and EM. Following in vivo imaging, the tissue is fixed and the APEX2 reacted with DAB and H 2 O 2 to produce an electron-dense precipitate that can be seen in vibratome sections. The sections are processed for EM and 40 nm serial sections cut and imaged. The APEX2 label facilitates serial section image registration and alignment. Figure 1 shows correlative imaging of virus-mediated direct expression of APEX peroxidase. Figure 2 shows virus-mediated recombinant APEX2 peroxidase expression in a transgenic (Rorb-IRES2-Cre) Cre-dependent mouse line.
Our long-term goal is to prepare EM samples for a large-scale, dense reconstruction of a block of the mouse visual cortex, where activity was previously recorded by multiphoton Ca 2+ imaging in an awake, behaving mouse. This requires tissue with high en bloc contrast and tissue preservation throughout the depth of the block. We are testing protocols that include optimizing reduced osmium (RO) and osmium bridging (OTO) for contrast enhancement with techniques to improve penetration in brain samples up to 1.5 mm 3 . In our hands, the reduced osmium OTO (osmium ferricyanide-thiocarbohydrazide-osmium ferricyanide) provides good contrast, but leads to uneven penetration and infiltration problems. To circumvent these issues, we are examining resin formulations suggested by a previous study of whole mouse brain [3] as well as implementing both ultrasonic and microwave assisted osmium staining. Because we will cut up to 30,000 ultrathin serial sections, it is critical that sections have adequate contrast and that resin be uniformly polymerized throughout to facilitate serial sectioning.
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